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Vascular access for chronic pediatric hemodialy-
sis is a surgical challenge. External shunts are avail-
able, but they restrict a child’s physical activity and
usually do not last for a long time. In 1966 distal
arteriovenous fistulas (AVFs) began to replace
external and all other internal shunts for chronic
hemodialysis in adults.1 Broyer et al.2 reported in
1973 that 54% of radiocephalic fistulas had good
results in children with body weight less than 20 kg.
In 1981 Bourquelot et al.3 reported the first distal
AVFs with a microsurgical technique in children
who weighed less than 10 kg. Shortly after these
studies, a few authors began to stress the impor-
tance of microsurgery by reporting an immediate
patency rate of 100% in patients who weighed less
than 20 kg.4
This paper reports our experience with the
microsurgical creation of Brescia-Cimino AVFs in
pediatric patients. Our personal experience with
pediatric vascular surgery started simultaneously
with the adoption of all microsurgical techniques
that are often required at this age.
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Purpose: The arteriovenous fistula (AVF) of Brescia-Cimino fulfills nearly all of the cri-
teria for an optimal access for chronic hemodialysis, such as long-term patency rate, low
complication rate, and respect of vascular morphologic features. Alternative dialytic
methods (i.e., external shunts and vascular grafts) cannot easily be applied to pediatric
patients, and in addition, these methods are responsible for higher complication rates.
Methods: From January 1985 to December 1994, 112 Brescia-Cimino AVFs were per-
formed in 90 children (average age, 5.5 years; range, 5 months to 18 years). The aver-
age weight of the children was 28 kg (range, 6.5 to 54 kg); 16% of AVFs were performed
in children who were less than 5 years old, and 18% in children who were less than 15
kg in body weight. 
Results: Chronic renal failure was caused by a nephropathy in 53 cases (14 with a
nephrotic syndrome), and 37 cases had a uropathy. In all cases a phlebography was per-
formed before the microsurgical treatment. Since 1994 an inflatable tourniquet has been
placed on the selected upper arm because of an optimal exsanguination of the operating
field.
The primary patency rate was obtained in all but six of the children; 35% of AVFs had
either immediate or late complications. Thrombosis was the most frequent complication
that we observed. In comparison with 79% of late thrombosis, 60% of early thrombosis
was cured. Of the 80 AVFs, 63.5% with a 4-year follow-up are still patent. 
Conclusion: We emphasize the following two conclusions: first, microsurgery is essential
to create AVFs with good results in children as well as in adult patients; and second, the
results improved after the adoption of an upper-arm exsanguination and ischemia (pres-
sure range, 400 mm Hg to 600 mm Hg) that avoided spasm of the vessels with a final
35% reduction in surgical time. (J Vasc Surg 1998;27:640-4.)
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MATERIALS AND METHODS
Between January 1985 and December 1994, 90
children underwent 112 AVFs for chronic hemodial-
ysis; 22 of these procedures were repeated contralat-
erally and thus have been considered primary AVFs.
All revised AVFs are not part of this group. The ratio
of male to female patients was 47:43, the average
age was 5.6 years (range, 5 months to 18 years; Fig.
1), and the average weight was 28 kg (range, 6.5 to
54 kg). Of the AVFs, 16% (18 patients) were per-
formed in children who were less than 5 years old,
and 18% (20 patients) were performed in children
who weighed less than 15 kg.
Chronic renal failure was caused by a nephropa-
thy in 53 cases (14 with nephrotic syndrome), and
37 cases had a uropathy.
Preoperative evaluation in all cases included a
venographic assessment of the nondominant arm.
We used either brachial plexus block for regional
anesthesia or general anesthesia.
Since June 1994, an inflatable tourniquet had
been placed on the selected left or right site at a
pressure that ranged from 400 mm Hg to 600 mm
Hg, which thus provided an optimal exsanguination
of the surgical field. As first described by Bourquelot
et al.,5 this technique for a “preventive hemostasis”
avoids both the arterial spasm (after a wide dissec-
tion) and the microvascular bleeding, which allows
for a time-reduced surgical procedure. The only
postoperative therapy was aspirin (5 mg/kg), which
was administered once a day during the 3 postoper-
ative days.
Whenever possible, the nondominant side is cho-
sen for the AVF creation. An inflatable tourniquet is
left on site after exsanguination, and the ischemia
pressure is accurately controlled during the different
steps of the entire procedure. A skin incision of 2 to
3 cm is made halfway between the cephalic vein and
the radial artery at the wrist. Operating loops (· 2.5
to 4 magnifications) are used for the initial dissection
of the vessels. Both vein and artery are measured.
Venous collateral branches are tied accurately near
the main vessels. After the vein distal section, an inci-
sion at the level of the posterior wall is made for ~10
mm of length to spatulate the vein.
A pharmacologic dilatation of the vein has never
been used. The anterior wall of the artery is exposed
without wide dissection or vascular clamping. An
Fig. 1. The age-related groups of 90 patients aged 5 months to 18 years (mean, 5.6 years).
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operating microscope (Wild Leitz M690, Wild-Leitz,
MS-C, Heerbrugg, Switzerland) with a powerful
magnification of 6 to 20· is introduced at this time.
The arteriotomy is performed with a microsurgical
scalpel, and care is taken not to damage the posteri-
or wall. The incision is completed with scissors. Side-
to-end arteriovenous anastomosis is started after two
cardinal stitches are passed. The proximal corner is
secured first by two or three separate stitches with 8
to 10/0 of a monofilament nonabsorbable suture.
After this step, the anastomosis is completed with
two separate running sutures that join each other in
the middle of both the anterior and posterior walls.
Finally the tourniquet is released, and additional
stitches are added when necessary.
The patency rate is confirmed with a sterile
Doppler ultrasound scan. The arterial blood pres-
sure and murmur (thrill) are checked at the end of
the surgical procedure. In the first 2 to 3 postopera-
tive days clinical and Doppler evaluations are per-
formed regularly. The patient then is evaluated clin-
ically every 3 weeks to define the time of maturation
of the AVF.
RESULTS
The primary patency rate was obtained in 81 of
90 children, 89% of whom weighed less than 15 kg.
A 90% success rate was achieved in all patients who
weighed more than 15 kg (Table I).
AVFs were considered mature and were punc-
tured for hemodialysis after 1 to 3 months because
we wanted to create the shunt in advance to avoid
indications for either central venous catheters or for
artificial shunts. An important emphasis is that the
long-term patency rate of the AVF after 4 years was
70% in patients whose weight was more than 15 kg
and 57% in patients whose weight was less than 15
kg (Fig. 2). Mean operating time was about 2 hours
and 15 minutes before the adoption of the tourni-
quet and exsanguination. This last technique
reduced the surgical procedure by 35% to an average
of 1 hour and 30 minutes.
Early complication. Ten AVFs (9%) were com-
plicated in the postoperative 48 hours (Table II).
Thrombosis and hematoma were observed more fre-
quently. All complications were cured surgically
within 12 to 18 hours after the accident. In particu-
lar, eight venotomies were performed, and simple
drainages of large compressing hematomas in two
different AVFs were done.
Thrombectomy was performed in five children,
Table I. Profiles of AVFs created for hemodialysis
in 90 children
Immediate patency 
Weight group No. of cases No. of AVFs rate (%)
£ 15 kg 20 23 20/23 (89)
>15 kg 70 89 80/89 (90)
Fig. 2. Primary and secondary patency rates of AVFs in patients who weighed more than 15
kg and 15 kg or less.
in only 9 of 112 (8%) AVFs. The primary patency
rate sometimes is difficult to establish because of
technical problems that are either caused by coagu-
lation disorders (two cases in our series) or by a poor
condition of arteries (one patient in our series). We
almost always observed an important postoperative
fall in blood pressure values in these early complica-
tions. Bourquelot5 reported few short-term failures
(10%) in his pediatric series of AVFs. The same per-
centage is reported by Sanabia et al.9 who discussed
60 AVFs in a pediatric age group. No differences in
primary patency rates were seen between children
who weighed more or less than 15 kg in our experi-
ence (89% vs 90%).
Of all AVFs used for repeated hemodialysis, 63%
are still patent after 4 years of follow-up. Our result
is comparable with those results obtained by other
authors who were reported previously in main series.
The incidence rate of late complication was high-
er in children who were less than 15 kg in body
weight. In this group, the late complication rate was
43% as compared with 21% for children who weighed
more than 15 kg. In our experience, this difference is
not caused by a higher number of surgical secondary
superficialization procedures as Bourquelot et al.5
considered. This difference probably is related to
venous damage caused by repeated traumatic punc-
tures in these smaller and lower-flow vessels.
The adoption of the upper-arm ischemia tech-
nique with an inflatable tourniquet offers many
advantages. These advantages include the avoidance
of arterial spasms after a wide dissection or after the
use of Acland (Medical Devices s.p.a., Rome, Italy)
clamps and the sparing of surgical time because of
minimal hemostasis, safer dissection of the main ves-
sels, and the absence of clamping. With this view, we
are convinced that microsurgery and upper-arm
exsanguination are the most important steps in AVF
in children.
In summary, we believe that the AVF remains the
most satisfactory method for providing hemodialysis
access in children. The technical choice that includes
both microsurgery and exsanguination permits the
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exeresis of venous-obstructing valves was performed in
two children, and a simple irrigation of both radial ves-
sels with urokinase (4 to 6 ml solution; 2.500 U/ml)
was performed in two children . All but one of these
10 reevaluated AVFs were saved. The only unsuccess-
ful AVF had been redone as a more proximal arteri-
ovenous shunt during a second-time procedure.
Late complication. This group consisted of 29
AVFs (26%) that were complicated after 48 hours
(Table II). The earliest that late complication has
been observed is at the 15th postoperative day. The
distribution of late complications includes 23 cases of
thrombosis, 5 cases of severe stenosis, and 1 case of
hematoma of the radial vein. Eight AVFs were saved
by thrombectomy, but the same procedure was inef-
fective in three other cases and was not attempted in
the remaining cases. A second procedure was pro-
posed in 20 of 23 AVFs, which included unsuccessful
thrombectomy in three cases and multiple stenosis in
five cases. No treatment was required in three AVFs
with late complications in three patients who were
successfully transplanted. The incidence of late com-
plications was higher in the group that had less than
15 kg body weight as compared with the second
group (43% vs 21%).
DISCUSSION
In 1970 Wander et al.6 reported the first suc-
cessful creations of AVFs in 10 children; still, in
1973, only 54% of the AVFs that were performed in
children who weighed less than 20 kg were success-
ful. At this time, Yazbeck and Bourquelot4-7 began
to stress the importance of microsurgery in children
because of immediate patency rates of 90% to 100%,
even in patients who weighed less than 10 kg.
Vascular access should meet the following princi-
pal needs: first, long-term patency rate; second,
respect of vascular properties; third, low complication
rate; and fourth, acceptance from the child.8 All of
these aims can be fulfilled only with Brescia-Cimino
AVFs. Furthermore, today’s alternative techniques for
chronic hemodialysis, such as central venous catheters
and artificial and external shunts, are complicated by
a high rate of infection and thrombosis.3
With microsurgery, most vascular access can be
performed easily in the distal forearm with results
that are similar to the same access in adults.5-10 A
microsurgical approach allows for good magnifica-
tion, high illumination, precise dissection, and use of
8 to 10/0 sutures, which thus avoids the need for
vessel dilatation and risk of intimal damage.
In our experience with the adoption of microvas-
cular technique, patency failure rates were observed
Table II. Analysis of early and late complications
of 112 AVFs
Early Late
Complications 10/112 AVFs (9%) 29/112 AVFs (26%)
Thrombosis 6/10 (60%) 23/29 (79%)
Hematoma 4/10 (40%) 1/29 (3%)
Stenosis 0/10 (0%) 5/29 (17%)
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obtainment of a distal and autologous angioaccess
with a time-sparing procedure and without any frus-
trating challenges.
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